Objective: to evaluate the association between first-and second-eye cataract surgery and motor vehicle crashes for older drivers and the associated costs to the community. Design: retrospective population-based cohort study. Subjects: a total of 2,849 drivers aged 60 years and older who had undergone both first-and second-eye cataract surgery were involved in 3,113 motor vehicle crashes as drivers during the study period. Methods: de-identified data were obtained using the Western Australian Data Linkage System from 1 January 2003 to 31 December 2015. Poisson regression analysis based on Generalised Estimating Equations was undertaken to compare the frequency of crashes in the year before first eye cataract surgery, between first and second eye surgery and 1 year after second eye surgery. Results: first eye cataract surgery was associated with a significant 61% reduction in crash frequency (P < 0.001) and second eye surgery was associated with a significant 23% reduction in crashes (P < 0.001), compared to the year before first eye cataract surgery after accounting for age, gender, marital status, accessibility, socio-economic status, driving exposure and comorbidities. The estimated cost savings from the reduction in crashes in the year after second eye cataract surgery compared to the year before first eye cataract surgery was $14.9 million. Conclusions: first-and second-eye cataract surgery were associated with a significant reduction in motor vehicle crashes, with first eye surgery having the greatest impact. These results provide encouragement for the timely provision of first-and second-eye cataract surgery for older drivers.
Introduction
In developed countries, the population is ageing and licensing rates are increasing, meaning there will be an increased number of older drivers on the road in future [1] [2] [3] . This will undoubtedly lead to an increased number of motor vehicle crashes. Cataracts are a major cause of visual impairment among older adults [4] and it is estimated that by age 80+, more than 90% of older adults will have developed cataract [5] .
Cataracts can significantly affect visual acuity and contrast sensitivity [6, 7] , are known to reduce driving performance and increase the risk of crashes [8] [9] [10] . Cataract surgery has been shown to improve several driving outcomes and reduce crash risk in studies from Australia, the USA, India and Sweden [10] [11] [12] [13] . However, minimal research has investigated the cost-effectiveness of cataract surgery for reducing motor vehicle crashes.
The current study extends previous research by the authors using Western Australian (WA) linked data which examined cataract surgery and crashes [11] and cataract surgery and falls [14] . Although cataracts are typically bilateral, surgery is usually performed on one eye at a time [15] . However, those with bilateral cataract frequently report vision-related problems while waiting for second eye surgery, most likely due to differences in vision between the operated and unoperated eyes [15] [16] [17] [18] . In fact, the earlier WA study reported an increased risk of falls following first and second eye surgery [14] . Previous research examining crashes has either examined the impact of first eye surgery only, combined first and second eye in the analyses, or it has not been specified. For example, the previous study in WA found a significant reduction in crashes 1 year after first eye surgery, but second eye surgery was not examined [11] . In addition, a prospective study in the USA reported that cataract patients who underwent surgery experienced only half the crash risk of those who did not [12] . However, those who had one or both eyes operated on were combined in the analysis. Therefore, the aim of the study is to use whole-population-linked data to evaluate the association between first-and second-eye cataract surgery and motor vehicle crashes, for drivers aged 60+ years and the associated costs to the community.
Methods

Study design
A retrospective whole-population cohort study was undertaken to determine the association between first-and second-eye cataract surgery and the number of motor vehicle crashes 1 year before first eye cataract surgery, between first and second eye surgery and 1 year after second eye surgery. A cost-effectiveness evaluation was also undertaken.
Data sources
De-identified data were obtained through the Western Australian Data Linkage System (WADLS) following approvals from the WA Department of Health and the Curtin University Human Research Ethics Committee. This study was conducted in accordance with the guidelines of the Declaration of Helsinki.
Data extracted from Hospital Morbidity Data Collection (HMDC) included details of those undergoing cataract surgery from 2004 to 2014. The WA Mortality Register identified those who died during the study period and the Integrated Road Information System (IRIS) was used to identify those involved in a motor vehicle crash as the driver, 1 year before first eye cataract surgery, between first and second eye surgery and 1 year after second eye surgery . Only those involved in a motor vehicle crash during the study period were included in the analysis, since licensing records were not available to determine which participants were drivers.
Hospital morbidity data system
International Classification for Diseases (ICD) procedure codes were used to extract hospital morbidity data for all persons aged 60+years who had both first-and second-eye cataract surgery during the study period with a residential postcode specific to WA from 2004 to 2014:
ICD-10-AM ( 
Integrated Road Information System
Police-reported crash information was obtained from the IRIS, maintained by Main Roads WA. The database contains information on all motor vehicle crashes in WA (fatal, hospitalised, medical attention and property damage only crashes). It is mandatory to report a crash if a person is injured or property damage exceeds $3,000. Crashes resulting in damages <$3,000 are also reported as property damage only crashes in WA. It should be noted that under-reporting of crashes to police is a known issue but no information exists on the level of under-reporting in WA.
Statistical analysis
Descriptive statistics were used to summarise the cohort and the number and rate of motor vehicle crashes were calculated for the year before first eye cataract surgery, between first and second eye surgery and 1 year after second eye surgery. Chi-square tests were conducted to determine if there were significant differences in the demographic characteristics of those who crashed before, between and after cataract surgery.
Socio-demographic data included age, gender, marital status, comorbidities, socio-economic status and residential location. Socio-economic status was estimated from the Index of Relative Socioeconomic Disadvantage (IRSD) [19] . Accessibility to services categories were based on the Accessibility/Remoteness Index of Australia (ARIA+) [20] . Participants were categorised as living in urban, regional or remote areas. Marital status was classified as having a partner (married or de facto) or not. Comorbidity was classified as having one or more of the 17 groups of medical conditions described by Holman et al. [21] recorded during a hospital admission in the year prior to the index admission (categorised as 0, 1, 2-3, 4+ groups of conditions).
The outcome of interest was the number of policereported motor vehicle crashes per kilometre travelled of any severity, as the driver. Poisson regression analysis based on Generalised Estimating Equations (GEEs) was undertaken to compare the frequency of crashes in the year before first eye cataract surgery, between first and second eye surgery and 1 year after second eye surgery, accounting for potential confounders. The follow-up was censored accordingly for those who died during the study period. In order to ensure that participants were drivers, only those who experienced a crash in at least one of the three time periods were included. The GEE approach extends the standard Poisson regression by accommodating the inherent correlation of the data collected at three time points and provides robust standard error estimates.
To account for driving exposure in the analysis [22] , a separate sample of 55 patients with bilateral cataract was provided with an in-vehicle monitoring device which objectively measured their driving exposure (kilometres) over a 1-week period. Each participant's driving exposure was measured in the month before first eye cataract surgery, between first and second eye surgery and at least 1 month after second eye surgery. The objective driving exposure data were then stratified by age and gender before, between and after cataract surgery and extrapolated to the entire cohort. The Poisson GEE modelled crashes per kilometre with driving exposure (distance travelled in kilometres) entered as an offset variable.
The Poisson GEE analysis was performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA). Results were considered significant at the 0.05 level.
Cost estimates
The cost of crashes was provided by Main Roads WA based on the Willingness to Pay approach [23] . Using this approach, average crash costs were derived on the basis of the number of crashes in different categories (according to region and crash nature) that occurred in WA over a period of 5 years, 2011-15, based on the costs the community was prepared to pay in order to eliminate a particular crash category.
The cost of cataract surgery was estimated using figures from the Australian Refined Diagnosis Related Groups (AR-DRGs) patient classification scheme [24] . According to this scheme, cataract surgery on one eye (DRG C15B) would cost an average of $3,097 Australian dollars. Cataract surgery on both eyes (totalling $6,194 Australian dollars) are one-off surgery that are expected to benefit the patient for the remainder of their lifetime. Therefore, to calculate the annual cost of first-and secondeye cataract surgery, the cost of the surgery was divided by the number of years the patient was expected to live following surgery. The average life expectancy of an Australian was estimated to be 82.45 years [25] . For those aged over 82.45 years, cataract surgery was assumed to benefit the participant for a conservative period of 1 year.
Economic analysis
For the economic analysis, the estimated crash cost savings as a result of cataract surgery were calculated by adding the costs of cataract surgery and crash costs after second eye surgery, then subtracting the crash costs before first eye surgery. Crash costs were stratified according to the period of time in which each crash occurred, either (i) before first eye cataract surgery or (ii) after second eye surgery.
Results
There were 81,893 people aged 60+ in WA who had bilateral cataract surgery between 2004 and 2014. Of these, 2,849 (3.5%) individuals were involved in 3,113 policereported crashes as drivers throughout the study period. A total of 1,312 participants were involved in 1,347 crashes in the year before first eye cataract surgery, 775 participants were involved in 850 crashes in the period between first and second eye surgery and 895 participants were involved in 916 crashes as the driver in the year after second eye surgery. Total kilometres travelled per year were extrapolated from the separate sample of 55 drivers with driving exposure increasing after first eye surgery and then remaining similar after second eye surgery. Overall, crash rates were 21.6 crashes per 100,000 km travelled before first eye surgery, 7.6 crashes per 100,000 km travelled between firstand second-eye cataract surgery and 17.1 crashes per 100,000 km travelled after second eye surgery. The average wait time between first-and second-eye cataract surgery was 16 .0 months (SD = 24.0).
Demographic characteristics for the cohort involved in a crash as the driver are summarised in 
Crash risk
The results of the GEE Poisson regression (Table 2) reported a significant 61% reduction in the number of crashes per kilometre following first eye surgery (P < 0.001) and a significant 23% reduction in crashes per kilometre after second eye surgery (P < 0.001), compared to the year before first eye cataract surgery, after accounting for age, gender, marital status, accessibility (location), socioeconomic status and number of comorbidities. Over the entire study period, females had significantly reduced crashes per kilometre of 22% (P < 0.0001) compared to males. In addition, those who were not married had significantly reduced crashes of 6% (P = 0.005) compared to those who were married/de facto. A significant increase in crashes per kilometre was also found for those aged 75-79 years (53%, P < 0.001), 80-84 years (52%, P < 0.001) and 85+ years (53%, P < 0.001) compared to the 60-64-yearold age group. Those from the highest socio-economic group had a significant 7% decrease in crashes (P = 0.008) compared to the lowest group.
Cost savings
The total cost of crashes was estimated at $80.5 million Australian dollars in the year before first eye cataract surgery and $60.4 million in the year after second eye cataract surgery with the annual cost of cataract surgery being $5.1 million for all participants. Therefore, the overall cost savings in terms of crashes from cataract surgery was estimated to be $14.9 million Australian dollars.
Discussion
This is one of the first population-based studies to assess the separate impact of first-and second-eye cataract surgery, on the number of motor vehicle crashes. The study found that first eye surgery was associated with a significant 61% reduction in crash frequency (P < 0.001) and second eye surgery was associated with a significant 23% reduction in crashes, compared to the year before first eye surgery. The overall estimated cost saving to the community was $14.9 million in the year after second eye cataract surgery compared to before first eye surgery.
These findings suggest that overall, first-and second-eye cataract surgery are associated with motor vehicle crash reduction among bilateral cataract patients. However, first eye cataract surgery had the greatest impact on the reduction of crashes and these results are consistent with previous research. A population-based study in WA found the risk of a crash reduced by 13% following cataract surgery on one eye only and that this was associated with an 8% decrease in the cost of crashes [11] . In addition, a study in the USA found crash risk reduced by half following cataract surgery [12] . Studies have also confirmed that first eye cataract surgery brings about larger improvements in vision than second eye surgery [16] .
The risk of crashes after second eye surgery was higher than after first eye but still significantly lower than before first eye surgery. This finding may be partially due to the ageing of the sample, since crash risk in known to increase with ageing [22] . In addition, for some patients, first eye surgery results in large discrepancies in vision between the two eyes [15] and patients may not obtain new refractive management until after second eye surgery. While this study controlled for driving exposure, it is possible that bilateral cataract patients may continue to limit their driving in risky situations such as at night or in peak (rush)-hour traffic until after second eye surgery. This may explain the apparent higher risk of crashes after second eye surgery, compared to after first eye surgery and requires further investigation.
The data linkage methodology has the advantage of reduced selection bias, minimal loss to follow-up and population-level data allowing the examination of rare events such as crashes [21] . Furthermore, the use of objective naturalistic driving data obtained from the in-vehicle monitoring devices, in order to control for driving exposure, is a strength of the study. Since driving exposure is the most important indicator for crash risk and driving habits have been found to change over the cataract surgery process [26] , it is essential to account for this. However, the available data did not capture lifestyle factors, risky personality traits, refractive management or specific measures of visual function. The lack of a suitable comparison group was a further limitation. If a comparison group without cataract had been included, it is likely that, over time, crash risk may have increased for this group which would have further affirmed the study's findings. In addition, due to the lack of availability of licensing records, participants with cataract who were not involved in a crash were not included in the analysis as we were unsure if they were drivers or not. Despite these limitations, the findings have provided population-based evidence for an association between cataract surgery and reduced numbers of motor vehicle crashes for bilateral cataract patients, as well as the cost-effectiveness of the surgery. While results suggest first eye cataract surgery has the greatest impact on crash reduction, further research should investigate whether this is due to specific driver selfregulation practices. These results provide encouragement for the timely provision of first-and second-eye cataract surgery for drivers.
Key points
• First-and second-eye cataract surgery were associated with a significant reduction in motor vehicle crashes.
• First eye surgery was associated with the greatest impact on crash reduction.
• The estimated cost savings from cataract surgery was $14.9 million.
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